Strong evidence exists for the benefits of screening for hypertension to reduce the risk of cardiovascular disease and death. The aim of this study was to analyze the frequency and determinants of blood pressure (BP) measurement by a health professional in the general population and in individuals without hypertension in Germany.
Introduction
More than 60 years ago, the Framingham Heart Study played a key role in demonstrating that high blood pressure (BP) leads to increased mortality from stroke and myocardial infarction and physicians began to measure BP more systematically as part of their general medical examination. [1] Today, a continuous association between BP and cardiovascular events starting at a BP of 115/75 mmHg is well established. [2] High BP is widely recognized as a leading contributor to the global burden of disease and mortality, resulting in more than 10 million deaths each year for systolic BP of at least 110 to 115 mmHg. [3] Strong evidence exists for the benefits of screening for high BP [4] and effectively treating hypertension, for example, a reduction in systolic BP by 10 mmHg reduced the risk of coronary heart disease by 17%, stroke by 27%, heart failure by 28%, and all-cause mortality by 13%. [5] Furthermore, regular BP measurement is an easy, not invasive, inexpensive and safe diagnostic procedure which can be done at home or in an office environment and effective hypertension treatment is available. Despite these facts, good hypertension management remains to be a global challenge. A recent multinational study reported that only 46.5% of participants with hypertension were aware of their diagnosis. [6] In Germany, the overall awareness rate was higher and ranged between 82.3% in men and 86.6% in women, but especially young, hypertensive men between 18 and 29 years had surprisingly low awareness rates with only 23.6%. [7] Despite the well-established benefits of screening for hypertension, [4] there is surprisingly little data on the actual frequency of BP measurement on the population level not only in Germany but also in other countries. Therefore, the aim of this study is to analyze the frequency and determinants of BP measurement by a health professional in the German population on the basis of data from the cross-sectional nationwide "German Health Update 2014" (GEDA 2014/2015-EHIS) and to compare the results with other countries with data from the European Health Interview Survey (EHIS).
Methods

Study design and sample
In the cross-sectional "German Health Update 2014" (GEDA 2014/2015-EHIS), a 2-stage, clustered sampling design was used to select 301 communities and random samples of individuals ≥15 years with permanent residency in Germany were drawn from local population registries. [8] Between 2014 and 2015, a total of 24,824 people either completed a paper or online questionnaire (mixed-mode-design). The response rate was 27.6%. More detailed information is given elsewhere. [9, 10] For our analysis, we excluded 109 (0.4%) participants with missing data on the last time their BP was measured, which left a final study sample of 24,705 participants.
The study was approved by The Federal Commissioner for Data Protection and Freedom of Information, and written informed consent was obtained from all participants before the interview.
BP measurement and other variables
The question "When was the last time that your BP was measured by a health professional?" had 5 answer options from: 1) "less than 1 year", 2) "between 1 and 3 years", 3) "between 3 and 5 years", 4) "more than 5 years", and 5) to "never".
We defined 3 outcomes: 1) no BP measurement within the last year, 2) no BP measurement within the last 3 years, and 3) no BP measurement within the last 5 years. Independent variables included sex, age, education, self-rated health, and health awareness. The last time a general practitioner (GP) or a medical specialist was consulted were dichotomized to "Within the last 12 months" compared to "More than 1 year ago". Participants were classified as hypertensives if they reported that they had ever been diagnosed with hypertension by a physician and if they in addition either confirmed having hypertension within the last 12 month or currently taking antihypertensive medication. [11] For each of the independent variables, the number of missings was below 0.7%.
Statistical analyses
All analyses were stratified for men and women and we calculated the prevalence of no BP measurement within the last year and the last 3 years with 95% confidence interval (CI) (Figs. 1 and 2 ). We used logistic regression analyses to estimate multivariate-adjusted odds ratios (OR) with 95%-CI for factors associated with no BP management within the last 3 years.
For international comparison, we analyzed data from the EHIS to show the percentage of the population with no BP management within the last year and the 3 years in 30 European countries. The data can be openly accessed under http://ec.europa.eu/eurostat/ de/data/database.
All analyses were performed using STATA SE14 (StataCorp LP, Texas, US). Weights and survey commands were used to adjust the sample to the German standard population from 31. December 2011 with respect to age, sex, education and regional distribution of the population. [10] 
Results
In the study population aged 15+ with complete data on hypertension prevalence and BP measurement (n = 24,075), 27.5% of men and 16.6% of women had no BP measurement by a health professional within the last year and 10.9%, respectively 5.4% not within the last 3 years. 7.3% of men and 3.4% of women in the general population had no BP measurement within the last 5 years. The prevalence of known hypertension in the last 12 months was 31.5% in men and 29.9% in women.
The first part of the analysis focused on 17,341 participants without hypertension. The sample characteristics are described in Table 1 .
The 37.5% of men and 21.9% of women without hypertension had no BP measurement by a health professional within the last year, and 15.6% of men and 7.6% of women no BP measurement within the last 3 years and 10.6%, respectively 4.8% not within the last 5 years. For all 3 time intervals, the percentage of men with no BP measurement was about 2 times higher compared to women (P <.001).
Figures 1 and 2 show that the percentage of men and women with no BP measurement within the last 3 years was especially high in young individuals between 15 and 19 years (34.1% of men and 23.6% of women) and in individuals who had not visited a GP (30.5% and 17.7%) or a specialist (22.2% and 14.9%) within the last 12 months. No BP measurement within the last 3 years was also common in men (17.5%) with very good or good self-rated health and in men (24.6%) and women (13.2%) who reported low or no health awareness. In contrast, only 1.8% of men and 2.8% women with a bad or very bad 98: 16 Medicine self-rated health status and 5.2% of men and 4.8% of women aged 70+ years had no PB measurement within the last 3 years. The age distribution no BP measurement within the last 5 years resembles the other 2 measurement periods and is not shown in order to maintain the readability of Figure 1 and Figure 2 . In the youngest age group from 15 to 19 years, 28.0% of men and 17.4% of women had no BP measurement within the last 5 years. These numbers decreased to 1.3% of men and 0.9% of women aged 70 years and older.
The multivariate model (Fig. 3) showed that age was the strongest predictor for not having a BP measurement in the past 3 years. Compared to older people (70+ years), young individuals had the highest chance not to have their BP measured within the last 3 years (OR for 15-19 years: 6.1; OR for 20-29 years: 2.4 and OR for 30-39 years: 1.9). Furthermore, individuals who had not seen a GP (OR: 3.5) or specialist (OR: 2.1) within the last 12 months were more likely not to have their BP measured. The chance for no BP measurement within the last 3 years was also higher in men (OR: 1.8) and individuals with very good or good self-rated health (OR: 2.9) and those reporting low or no health awareness (OR: 1.9).
The second part of the analysis used EHIS data from 30 European countries and refers to the whole population aged 15 years and older, not only to those without hypertension (Figs. 4 and 5). Romania had the highest percentage of individuals with no BP measurement within the last 3 years (66.1% of men and 55.1% of women) and Luxembourg the lowest percentage (24.2% of men and 16.6% of women). Germany ranked third after Luxembourg and France for men and second after Luxembourg for women. Table 1 Overview on the GEDA2014-2015-EHIS study population 15+ years without hypertension * stratified for men and women (weighted percentages). 
Discussion
High BP is a major global risk factor and measurement of BP in all adults for screening purposes is consistently recommended [12, 13] as a prerequisite for the detection, treatment, and control of high BP.
Despite the importance of regular PB measurement, the recommended time intervals for BP measurement in the general population are inconsistent and range between at "least every 5 years" in individuals without hypertension in the UK, [14] and "annual screening for adults aged 40 years or older and for those who are at increased risk for high BP" in the US [4] and an assessment of "BP at all appropriate clinical visits" in Canadian adults. [15] The new European Guidelines for the treatment of high BP, which were presented on the European Society of Hypertension meeting in June 2018 and will be soon be published, [13] recommend PB screening every 5 years for individuals with optimal BP (<120/80 mmHg) and at least every year for individuals with high-normal BP (130-139/85-89 mmHg). In addition, resting BP measurement is part of preventive care examinations in Germany covered by the statutory health insurance every 2 years for individuals aged 35+, with an intended lowering of this age limit to 18 years in the recent national Prevention Act. [16] This analysis shows that in the general population 15+ years in Germany, the majority of men (89.1%) and women (94.6%) had their BP measured by a health professional at least once within the last 3 years. As expected, in individuals without hypertension the frequency of BP measurement was slightly lower (84.4% of men and 92.4% of women within the last 3 years). The comparison with other European countries confirmed the generally high frequency of BP measurement in the office in Germany.
Furthermore, this analysis highlights that in certain population groups the frequency of BP measurement was relatively low. Around 1 in 4 (21.3%-19.8%) young men between 20 to 39 years without a prior diagnose of hypertension had no BP measurement within the last 3 years. In a Canadian study, no BP measurement within the last 2 years was also more common in young individuals between 20 to 39 years (12.3%) and men (12.4%), compared to women (5.9%) and individuals aged 60+ (0.6%). [17] Although the prevalence of hypertension in young men in Germany is relatively low and ranged between 8.5% (18-29 years) and 15.8% (30-44 years), these 2 groups had the highest proportion (76.4%, respectively 37.2%) of undetected raised BP. [7] Not surprisingly, a GP or specialist consultation within the last 12 months was one of the most important independent predictors for BP measurement (adjusted for age, self-rated health status, and health awareness). Similar results were observed in Canada, where only 6.2% of adults with a regular doctor did not have their BP assessed in the last 2 years, compared to 23.9% without a regular doctor. [17] However, our analysis showed that still 25.3% of men and 15.0% of women had no BP measurement within the last year, although they had seen a GP at least once within this time period. The time to obtain a reliable resting BP in the office, which includes a resting time of 5 to 10 minutes and several measurements [18, 19] possibly makes it difficult to always integrate it in routine clinical practice. [20] In the US, BP was measured in [21]
Furthermore, we found that men with a very good or good selfrated health were less likely to have their BP measured. A similar association was observed in Canada where only 3.3% individuals with a fair or poor health status had no BP measurement within the last 2 years compared to 9.9% with an excellent, very good or good health status. [17] In summary, especially young men with very good or good self-rated health and who reported low health awareness were most likely not to have a BP measurement. The planned extension of statutory check-ups to all insured persons from the age of 18, which are offered independently of the need to see a GP or specialist, targets this specific population group. [22] However, only 1 quarter of statutory health insurance members aged 35+ (25.9% of women and 23.1% of men) attended the existing medical check-up in 2016 [23] and the evidence for the benefits of general health checks to reduce morbidity and mortality from disease [24] are scarce.
One interesting result of our analysis was that education was not associated with BP measurement in our data. This result is in line with results from the US [25] and with a recent German study showing that the utilization of statutory check-ups was not influenced by education. [26] However, it is questionable whether the underlying mechanisms and motives which determine BP measurement in the office, which are rather driven by office procedures or physicians' recommendations and can, therefore, be described as "opportunistic", [27] and the participation in check-ups, where patients have to actively request an appointment, can be compared at all.
Strengths and weaknesses
A major strength of this analysis is the use of national survey data with a large sample size and standardized questions. Weights were applied to adjust the sample to the German standard population which increased the representativeness of the results. Furthermore, the use of EHIS data made an international comparison possible. However, there are several limitations. The response rates were only moderate and although this has become a common problem in epidemiological studies, [28] this might reduce the generalizability of our findings. In addition, our results do not distinguish between accurate and standardized resting BP taken for preventive screening purposes and quick measurement of BP as a vital sign in acute care situations. Therefore, the high proportion of adults with BP measurements may overestimate BP screening in the sense of long-term cardiovascular prevention. Although the measurements were done by a health professional, we do not know whether and how the BP values were discussed and managed. Unfortunately, we did not have any information about the actual BP level, which is likely to have a major influence of the frequency of PB measurement in the office. However, we excluded persons with a self-reported, physician-diagnosed hypertension and therefore tried to minimize this confounding factor. Other factors that might influence the frequency of BP measurement in certain population groups, such as comorbidities or family history of hypertension, could not be considered in our analysis.
Finally, a general shortcoming of the questionnaire is that it fails to include information on BP measurement at home. A recent American study showed that 87.4% of 18 to 39-year-old individuals had never engaged in home BP measurement [29] and therefore we assume that only a minority of young men without recent BP measurement by a health professional alternatively use home devices. In addition, the term "measured by a health professional" is not further specified and therefore it is not clear whether the study participants considered PB measurement in a pharmacy, or in any other setting, for example, preventive checkups for athletes, as "done by a health professional". Although it is not the focus of this research article, it is important to mention that the reliability of BP measurement outside a standardized procedure can be critically questioned.
Conclusion
BP screening needs improvement at all ages, in the young who have the lowest screening proportions but also in the elderly who have the highest prevalence of hypertension and overall cardiovascular risk. However, further research is needed to better understand age-and sex-specific barriers to BP screening and to determine the best setting for BP screening.
